Introduction: angiotensin II, a major effector protein of the renin angiotensin system (RAS), induces bone loss under certain conditions. Drugs that block the RAS may therefore reduce bone loss and fracture incidence. The fracture incidence in older hypertensive men with long-term use of angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) were compared with the incidence in users of calcium channel blockers (CCBs) and non-users. Methods: a total of 5,994 US men aged 65 years or older who had bone mineral density measured at baseline in the Osteoporotic Fractures in Men Study (MrOS) were followed for fracture incidence for an average of 6.8 years. Men with follow-up dual-energy X-ray absorptiometry bone mineral density data and who reported hypertension at any visit, or use of antihypertensive medications at any visit among those with non-missing mediation data were included in the study (N = 2,573). Results: six hundred and nineteen men had taken ACE inhibitors, while 182 took ARBs for at least 4 years. Using Cox regression for the incidence of non-vertebral fractures, we found that long-term users of ACE inhibitors and ARBs each had a significantly lower fracture incidence than non-users. The hazard ratio of non-vertebral fractures was three times lower in ARB users than ACE inhibitor users (Hazard ratio (95% confidence interval): 0.194 (0.079-0.474) versus 0.620 (0.453-0.850), P = 0.0168). There was a trend of greater fracture risk reduction with longer duration of ARB use, but not for ACE inhibitor use. Conclusions: in older hypertensive men, ARBs use was associated with lower incidence of non-vertebral fracture than ACE inhibitors or CCBs.
Introduction
Hypertension and osteoporosis commonly coexist in the elderly. One common pathophysiological process is the renin angiotensin system (RAS), which reportedly can lead to bone loss by osteoclast activation [1] . RAS blockers may therefore prevent bone loss and fracture in older hypertensive people [2] . However, in the Osteoporotic Fractures in Men Study (MrOS) prospective cohort study of older American men, long-term use of an angiotensin-converting enzyme (ACE) inhibitor, but not angiotensin receptor blocker (ARB), was associated with a small increase in the rate of bone loss over a period of 4 years [3] . In a retrospective analysis of a large health insurance database in the USA, the sole use of ARB for newly diagnosed hypertensive patients was associated with a significantly lower fracture risk in the first year, while an ACE inhibitor had no significant protective effect [4] . These results suggest that ARBs may be superior to ACE inhibitors for fracture prevention in older hypertensive people.
ACE inhibitors have only a limited ability to block RAS because of the feedback increase in renin. However, ARBs block the angiotensin II receptor type 1 (AT1) receptor directly and do not have this limitation. Nevertheless, they have exhibited inconsistent effects on bone loss in different animal models of osteoporosis [1, 5, 6] . The results of these animal studies cannot be directly extrapolated to older people with hypertension, as their hormonal milieu may be different and may also be altered by concomitant drug use.
To ascertain whether ARBs are superior to ACE inhibitors in maintaining bone health in older people, we used the 6-year prospective data of the MrOS study to compare the fracture incidence among older hypertensive men receiving ACE inhibitors or ARBs. We hypothesised that ARB use, when compared with ACE inhibitor use, would be associated with a lower fracture incidence.
Materials and methods

Participants
From March 2000 to April 2002, men aged ≥65 years participated in the baseline examination for the prospective cohort study of risk factors in the MrOS [7] . MrOS was a multicentre study; the design, recruitment methods and measurements have been described previously [8] . Briefly, 5,994 men were recruited from six regions of the USA: Birmingham, AL; Minneapolis, MN; the Monongahela Valley near Pittsburgh, PA; Palo Alto, CA; Portland, OR; and San Diego, CA. All participants were invited to participate in follow-up studies. Among the 5,994 MrOS men enroled at baseline, 5,229 returned at the 4-year follow-up visit. Among them, only 3,633 subjects with hypertension were included. After excluding use of osteoporosis medication, androgen or anti-androgen and missing medication or bone mineral density (BMD) follow-up data, 2,573 men was used in these analyses ( Figure 1 ). Written informed consent was obtained from all participants.
Measurements
Demographic information, smoking habits, personal medical history, including any history of hypertension, diabetes mellitus or cardiac failure, as well as medication use, were obtained by self-administered questionnaire or face-to-face interviews performed by certificated research assistants [9] .
At each visit, participants were asked to bring all medications they had taken in the past 30 days to the clinical centre. Medications were categorised by using the original Established Populations for Epidemiologic Studies of the Elderly coding system [10] . Only prescription medications were included at baseline. Use of calcium and vitamin D supplements was obtained from a modified food frequency questionnaire developed specifically for MrOS by Block Dietary Data Systems. At the 2-, 4-, and 6-year follow-up visits, both prescribed and over-the-counter medications were recorded. Hypertensive subjects were defined as those who reported a history of hypertension or the use of antihypertensive drugs during any visit. Long-term users were defined as those on drugs for three visits or more while short-term users were defined as those on drugs for only one visit.
Body weight was measured using a balance beam or electronic scale with the participants wearing indoor clothing without shoes. The scale at each clinical centre was calibrated monthly.
Morning fasting blood was obtained and frozen. BMD of the total hip, femoral neck and trochanter was measured at each visit using dual-energy X-ray absorptiometry (DXA) with a Hologic QDR 4500 bone densitometer (Hologic, Waltham, MA, USA). BMD data at baseline and year 6 were used. All measurements were performed on the right hip unless the participant had a right hip replacement or other metal internal fixation materials. The inter-scanner coefficient of variation was 0.9%.
Statistical analysis
The users of the ACE inhibitors, ARBs or calcium channel blockers (CCBs) were compared with non-users of any of these drugs, individually in terms of clinical characteristics, using ANOVA for continuous variables or the chi-square test for categorical variables. ANCOVA was adopted for the baseline BMD, adjusting for age and weight. Fracture was analysed using the Cox regression model.
The duration of the use of the ACE inhibitors, ARB and CCB were analysed for non-vertebral and hip or forearm fractures separately, and each of them was further analysed in three models. In the first model, known confounders including age, tricyclic antidepressant use, previous fracture, inability to complete a narrow walk, falls in the previous year and depressed mood [12] were adjusted in a Cox regression model. In the second model, total hip BMD was added. In the final model, propensity scores of the ACE inhibitors ARB and CCB were further added independently. Propensity scores indicate the likelihood of a participant's use of either of the ACE inhibitors, ARB or CCB. Significant factors for the use of ACE inhibitors, ARB and CCB were determined by stepwise logistic regression. A generalised logits model was applied, when the proportional odds assumption was not satisfied [13] .
All statistical analyses were performed using the statistical package SAS, version 9.2 (SAS Institute, Inc., Cary, NC, USA). An alpha level of 5% was used as the level of significance.
Power analysis
For binary factors, by using Cox regression with 10% fracture rate, 0.05 alpha level and 80% power, 2,573 subjects can detect effect size as small as 0.35 (log hazard ratio, equivalent to Hazard ratio = 1.4 or 0.7).
Results
There were 2,573 men with hypertension among all the MrOS participants. The clinical characteristics, concomitant drug use, BMD, BMD changes and the incidence of nonvertebral fractures in participants who took an ACE inhibitor, ARB or CCB along with non-users are shown in Table 1 . The non-users primarily used alpha or beta blockers, but 50% of them had not taken any antihypertensive medication for three visits or more. When compared with non-users, long-term users of ACE inhibitors or ARBs were heavier, more likely to have diabetes, heart failure and/or chronic kidney disease. The clinical characteristics and concomitant drug use in users of the ACE inhibitors, ARBs and CCBs were not significantly different from each other.
Long-term users of an ACE inhibitor, ARB or CCB had slightly higher BMD in the femoral neck at baseline when compared with non-users. The use of either an ACE inhibitor or CCB for two or more visits was associated with greater hip BMD loss. However, no ARB use of any duration was associated with increased bone loss when compared with non-users. The unadjusted incidence rates of non-vertebral fractures of the long-term use of an ACE inhibitor, ARB or CCB were significantly lower than those of non-users.
The long-term use of an ACE inhibitor or ARB was associated with a lower risk of non-vertebral fracture when compared with non-users after adjustment for BMD, clinical risk factors and propensity score ( Table 2 ). There was a significant trend for a greater rate reduction of nonvertebral fractures with a longer period of use among ARB users, but not ACE inhibitor users. Long-term ARB use had a significantly lower (three times lower) risk of nonvertebral fracture when compared with long-term users of an ACE inhibitor or CCB. The use of an ACE inhibitor, ARB or CCB for two visits or more was not significantly associated with hip or forearm fracture incidence. Shortterm use of CCB was associated with a greater risk of hip 1 P-value = 0.0171, 2 P-value = 0.0140 and 3 P-value = 0.0168 comparing use of ARB with ACE inhibitor for ≥3 visits. 4 P-value = 0.0350 5 P-value = 0.0409 comparing use of ARB with ACE inhibitor for 2 visits. 6 P-value = 0.0272. 7 P-value = 0.0229 and 8 P-value = 0.0244 comparing use of ARB with calcium channel blocker for ≥3 visits. 9 P-value = 0.0167, 10 P-value = 0.0206 and 11 P-value = 0.0047 comparing use of ACE inhibitor with calcium channel blocker for 1 visit.
or forearm fracture compared with either non-users or short-term ACE inhibitor users.
Discussion
This prospective cohort study of older hypertensive men in the MrOS study showed that long-term use of an ARB or ACE inhibitor was associated with a significantly lower incidence of non-vertebral fractures than non-users. Fracture risk reduction was significantly lower with ARB use than with ACE inhibitor or CCB use. These results suggest that only long-term use of an ARB may be associated with lower fracture incidence in older men. Although cross-sectional studies have suggested that antihypertensive drug use is associated with a lower prevalence of fracture [14] , there are limited prospective data on the influence of antihypertensive drugs on fracture incidence. However, the interpretation of prospective cohort studies on the association between drug use and clinical outcomes is confounded by indication bias. For example, the physician may be more inclined to prescribe ACE inhibitors in patients with heart failure or diabetes mellitus. This is one reason our current report focused on the comparison of fracture incidence between ARB and ACE inhibitors. ARBs and ACE inhibitors have very similar profiles in terms of cardiovascular effects and share the same indications. Thus, their comparisons should be less likely biased by indication.
As an additional measure to reduce bias by indication, we analysed our data by the propensity score method, which is designed to reduce bias when comparing exposure groups in observational studies.
Our ARB, ACE inhibitor and CCB users were comparable in clinical characteristics and concomitant drug use. Half of the non-users of these drugs had not taken any antihypertensive drugs for three visits or more, suggesting that their hypertension was milder than the other drug users. This may explain why the non-users had lower body weight, less cardiovascular burden and were less likely to take statins or thiazide diuretics. CCB was used as the major cardiovascular comparator, because it has not been reported to alter bone health.
Both ARB and ACE inhibitor use in the long term was associated with a significant reduction in fracture risk. However, the ARB protective effect on all non-vertebral fractures was more convincing in that it increased with duration of use and was significantly greater than that of the CCB effect. More importantly, the fracture risk reduction in the longer term use of an ARB was significantly greater than that of ACE inhibitor. These results are consistent with a retrospective study which found that the sole use of ARB for newly diagnosed hypertensive patients was associated with a significantly lower risk of fractures, while an ACE inhibitor showed no significant effect [4] . That study had the advantage of a large sample size and no concomitant use of other antihypertensive drugs. However, the data captured the clinically documented fractures only within the period of 1 year. Our study, however, used more reliable fracture data for a period of nearly 7 years, with extensive data on each participant's clinical characteristics. Another retrospective cohort study with propensity score matching in Canada also reported that ARB users had lower risk of non-hip major osteoporotic fracture, compared with ACE inhibitor users [15] .
Angiotensin II, the major RAS effector protein, activates osteoclasts and induces bone loss in animal models [16] . ACE inhibitors are not effective in lowering tissue angiotensin II concentrations because of the feedback increase in renin that occurs [17] . All of the RAS components are present in bone tissue. ARB specifically blocks the angiotensin II AT1 receptor, which is primarily responsible for the deleterious cardiovascular effects of angiotensin II. However, its role in bone metabolism is uncertain. In certain animal models, activation of angiotensin II AT2, rather than AT1 receptors, led to osteoclastic activation [1, 18] . Moreover, losartan did not significantly alter bone loss or architecture in male rats after orchidectomy [6] , although it did reduce bone loss in female rats 3 months after ovariectomy. It is interesting to note that in the latter study, losartan slightly reduced bone density when given to female rats without ovariectomy [19] . These results suggest that losartan may prevent bone loss only when the RAS in bone is activated.
The protective effect of ARB against fractures may not be directly related to bone loss. First, our previous analysis did not suggest a significant ARB effect against BMD loss over a 4-year period [3] . Second, although most of the fractures were fragility fractures, there was no significant reduction in risk for hip or forearm fractures, which are some of the most common osteoporotic fractures. Third, the Solomon study [4] found a reduction in the fracture rate even within the first year of use. It therefore seems probable that ARBs had a beneficial effect on the fracture rate by preventing falls and/or reducing the severity of the fall. The Lipsitz study found a slightly lower indoor fall risk for ARB user (Odds ratio = 0.64, 95% confidence interval 0.32-1.29) but not statistical significant due to small sample size [20] . However, a beneficial effect on bone architecture cannot be ruled out.
Antihypertensive drug use has been associated with falls, presumably from postural hypotension. Taking more than two antihypertensive drugs, especially around the time of drug initiation or at the time of dose increase, significantly increased the risk of falls [21] . A study showed that ARBs are able to partially restore sympathetic dysfunction in hypertensive people [22] .
Other possible mechanisms by which ARBs may reduce fall risk and/or severity include potential effects on muscle and brain function. ACE inhibitors have been suggested to protect muscle function in older people, although more recent prospective studies did not confirm this association [23, 24] . There is some experimental evidence that ARBs may be beneficial to muscle function in a deconditioned animal model [25, 26] . However, the effect of ARB has not been reported in human muscle.
It is interesting that the fracture risk of long-term ACE inhibitor use was similar to that of long-term CCB use and that the short-term users of CCB had an increased risk of osteoporotic fractures. One may speculate that people who were unable to tolerate CCB may have been more frail than those who were able to tolerate it.
The strengths of this study include the detailed data on multiple comorbidities and the fracture risk factors documented by multivariate analysis. The limitations include the lack of data on vertebral deformities, which are often osteoporosis-related, the relatively small number of ARB users, the lack of drug dosing data and the exclusion of women. Moreover, this study was observational, so these findings need to be critically examined in clinical trials.
In summary, we conclude that long-term ARB use may be superior to ACE inhibitor use for fracture prevention in older hypertensive men. Further work is required to elucidate the mechanisms underlying this apparent advantage.
Key points
• In older hypertensive men, ARBs use was associated with lower incidence of non-vertebral fracture than ACE inhibitors or CCBs.
• The hazard ratio of non-vertebral fractures was significantly lower in ARB users than ACE inhibitor users (Hazard ratio (95% confidence interval): 0.194 (0.079−0.474) versus 0.620 (0.453−0.850)).
• There was a trend of greater fracture risk reduction with longer duration of ARB use, but not for ACE inhibitor use.
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